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This study discusses the analytical and implementational difficulties associated with transient scalar boundary element methods. The fundamental solutions to steady and transient heat conduction problems are derived from first principles. Their implementatio in the solution to seven representative heat conduction problems is detailed.
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This report represents the preliminary research in using the B.E.M. to study the non-linear coupled partial differential equations associated with plastic wave propagation. Its intent is to expose the analytical and implementational difficulties associated with application of boundary element methods to transient problems.
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SECTION II THE BOUNDARY ELEMENT METHOD
A two-dimensional linear differential operator will be used to introduce the concepts behind the boundary element method. There is no loss of generality in specifying a two-dimensional operator since the threedimensional development is identical.
where r = 1 + r1 2 is the bounding curve of surface B (Figure 1) . Here, p is any point in B, Q is any point on r, di. is a differential arc length element and da is a differential surface element. An integral equation for the unknown u(Q) and can be obtained through the limiting process lim u(p) where P is any point on the bounding curve. This process yields p4P
where c depends on the surface roughness and the singularity contained in G.
It is now possible to find the unknown functions u(Q) andS-!(Q). 
and, therefore can be reduced to can be reduced to four point Gauss-Legrendre numerical quadrature was successfully used to evaluate the off diagonal elements of A and M. This integration scheme was also used to find the solution at interior points.
The chief difficulty encountered when implementing this numerical scheme is integrating over the singularity contained in G (diagonal elements of A).
In an effort to keep the boundary element code as general as possible, this integration is carried out numerically. The numerical procedure used follows the approach suggested by Hornbeck (Reference 3). The interval containing the singularity is broken into the two intervals shown in Figure 2 ; in this figure the singularity is located at X 1 . A 24-point Gauss-Legendre numerical quadrature is used in the interval X 1 to X, + .001 and a four-point Gauss-
Legendre quadrature is used from X 1 + .001 to X 2 . Since the zeroes of the Legendre polynomials are clustered near the ends of the interval, subdividing the interval of interest places the maximum number of integration points near
• .,. The formal statement for this class of problem is
where # is a function of position, and B is the general two-dimensional region depicted in Figure 3 . To complete the problem statement the mixed boundary conditions are specified,
CIT + C 5T
e on r 
Integrating the first term on the right-hand side yields 
At this point a distinction between the fundamental solution and the Green's function should be made. 9
Here, GF is the Green's function to the governing equations and boundary conditions; G is the fundamental solution. GB is a function added to the fundamental solution to guarantee that the Green's function satisfies the boundary conditions necessary to make the first term in Equation 12 vanish. This term vanishing gives the direct solution to Equation 8a as
Greenberg (Reference 4) gives a more detailed discussion on this distinction.
IMPLEMENTATION OF THE FUNDAMENTAL SOLUTION
With the fundamental solution derived, the system defined by Equation 6
can be further specified. First the constant c, produced by the limit process In this case, and all of the following cases, the material constants are unity. 
SECTION IV
SYSTEMS GOVERNED BY THE NON-HOMOGENEOUS MODIFIED HELMHOLTZ EQUATION
THE FUNDAMENTAL SOLUTION
The remaining five systems, either directly or via the Laplace transform, are governed by the non-homogeneous modified Helmholtz equation. The general problem statement is as follows:
with boundary conditions
where C I and C 2 are constants and 0 is a function of position. Following the definition of the fundamental solution given in Section 3, and noting Chat the modified Helmholtz operator is self adjoint, gives the equation for the fundamental solutions as
If the Laplacian is written in polar coordinates, the stretching p = kr is A twelve-point grid is used in the solution to this problem. Figure 6 shows the domain and boundary conditions and, again, all material constants are * unity. The results are given in Table 3 . 
TRANSIENT HEAT CONDUCTION THROUGH AN INFINITE PRISM OF CONSTANT CROSS SECTION
The problems discussed hereafter fall under the modified Helmoltz operator class via the Laplace transform. In this section, the Laplace transform approach to boundary element methods is introduced. First, the heat conduction through circular and rectangular prisms (both with unit temperature on the boundary) is discussed. Then, the problem of constant heat production in an infinite cylinder is discussed. Finally, the problem of heat conduction from an infinite circular prism with heat radiated from its surface is discussed.
All the numerical solutions are compared to the analytic solutions given by
Carslaw and Jaeger (Reference 10). Next, the solution to heat conduction through an infinite circular prism with unit surface temperature is presented. Equations 21 also given this problem, in this case however, an evenly spaced 24-point grid was used. The accuracy for all other points is comparable. 
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